The objectives of this study were to determine self-fertility and restoration capability of cytoplasmic male fertility of some wild sunflower genotypes. The evaluated genotypes were Helianthus petiolaris spp. petiolaris (E-142), Helianthus neglectus (E-017) and Helianthus annuus (E-060, E-173, E-174 and E-175). For hybridization, the female inbred line 2453-A was used. Results showed that self fertility ratios of wild sunflower genotypes varied between 22.4 and 66.1%. The highest level of self fertility was observed in Helianthus petiolaris spp. petiolaris (E-142), while Helianthus neglectus had the lowest values. The E-060 and E-174 genotypes did not restore cytoplasmic male sterility in the hybrids tested.
INTRODUCTION
Sunflower is a globally important oilseed crop and also a major source of confectionery seeds and ornamental flowers (Putt, 1997) . Derived from wild H. annuus, the cultivated sunflower was domesticated more than 4,000 years ago in what is now the central United States (Heiser et al., 1969; Harter et al., 2004) . The genetic basis of modern hybrids is comparatively narrow. Sunflower cultivation is almost exclusively performed with hybrids based on a single cytoplasmic male sterile (cms) source, discovered by Leclercq (1969) in Helianthus petiolaris Nutt. and transferred to H. annuus germplasm. Wild Helianthus species serve as potential sources of cytoplasmic male sterility, and fertility restorer genes have been successfully introgressed into cultivated sunflower (Thompson et al., 1981; Seiler, 1992; Jan, 2000) .
Until the 1960s, the cultivars grown were open-pollinated and cross-pollinated mostly by insects. They, along with the wild species, were highly self-incompatible. The current commercial sunflower varieties are self-compatible; however, environmental conditions can influence the level of self-fertility expressed (Snow et al., 1998) . A low population of pollinator insects caused serious problems in sunflower production with hybrids (Dag et al., 2001; Weaver and Weaver, 2001 ). Although the environment affects self fertilization, it is under genetic control (Lior and Dag, 1994; Fick and Miller, 1997) . Previous studies indicated that sunflower genotypes had very large differences among their self fertilization ratios (Low and Pistille, 1986; Arshi, 1988; Onemli, 2005) .
Cytoplasmic male sterility in combination with fertility restoration is a widespread reproductive system that provides a useful tool for exploiting heterosis in hybrid breeding and is a desirable feature for use in hybrid seed production, as it eliminates the need for hand emasculation. The development of commercial sunflower hybrids based on new sources of cytoplasmic male sterility (cms) is of special interest in increasing genetic diversity (Horn et al., 2002) . There have been over 70 sources of cytoplasmic male sterility (cms) reported in the genus Helianthus thus far, and male fertility restoration genes have been identified in 30 sources (Serieys 1996 , Jan, 2000 Serieys, 2005; Hamrit, 2009) . Most sources of fertility restoration of cytoplasmic male sterility also come from the wild species (Hamrit, 2009) . The restoration of male sterility has been reported as being controlled by a single dominant gene, two independent dominant genes, and two or three complementary dominant genes Crouzillat et al. 1991; Jan, 2000; Hamrit, 2009 ). Many of the newly identified cms sources do not have a complementary fertility restorer gene, or the cytoplasm is not stable. This has limited their use for commercial purposes (Seiler and Rieseberg, 1997) . To be useful for hybrid seed production, a cms line needs complete male sterility and female fertility (Jan, 2000) . This research aimed to determine self fertility and restoration capability of cytoplasmic male fertility of six wild Helianthus genotypes belonging to three different species.
MATERIALS AND METHODS
In this study, a total of six wild genotypes belonging to three different Helianthus species were evaluated for their self-fertilization and restoration of cytoplasmic male sterility. These were Helianthus petiolaris spp. petiolaris (E-142), Helianthus neglectus (E-017) and wild Helianthus annuus (E-060, E-173, E-174 and E-175). The seed sets were obtained from the Dobroudja Institute of Agriculture, General Toshevo, Bulgaria. The female line 2453-A was used to test hybrids to determine the state of cytoplasmic male sterility.
The experiments These trials were hand seeded on April 20, 2007 and April 29, 2008 with a 2 by 2 m plant-to-plant spacing in the fist year and 30 × 70 cm in the second. The genotypes were overseeded with three to four seeds per hill. At the four to six leaf stage, the plants were thinned to one plant per hill. The experimental design in each case was a randomized complete block design with four replications
In the first year of the research (2007), the self fertilization ability of the wild sunflower genotypes was observed. The self fertilization ratio (A) was calculated (Arshi, 1988; Onemli, 2005) Analysis of variance of the data was computed using the JMP program (JMP software-data analysis statistics, 2005). The LSD (Least Significant Difference) at the 5% level of probability was used to test the differences among values. In order to determine the state of cytoplasmic male sterility restoration and in order to able to use it in the second year yield trial (2008), test hybrids were formed between every wild sunflower species and the female line 2453-A in 2007. In the second year of the research, test hybrids were planted and the state of cytoplasmic male sterility restoration was observed.
RESULTS AND DISCUSSION
In this study, the self fertilization ratio and capability of cytoplasmic male fertility restoration of six wild genotypes belonging to Helianthus neglectus (E-017), Helianthus petiolaris spp. petiolaris (E-142), and Helianthus annuus (E-060, E-173, E-174 and E-175) was investigated. The self fertilization ratios calculated as per formula 1 are given in Table 1 . The differences in this ratio among the wild Helianthus genotypes were significant at the 5% statistical level. They ranged from 29.4 to 66.1%. The highest level of self fertilization was found in E-142 (Helianthus petiolaris spp. petiolaris). The self fertilization ratio of E-017 (Helianthus neglectus) was the lowest as per formula 1. E-175 had the second highest ratio with 61.3%, while E-174 was in the third group. E-60 was the lowest in self fertilization among the Helianthus annuus genotypes.
Self fertilization as per formula 2 is shown in Table 2 . The self fertilization ratios determined using this formula for the wild Helianthus genotypes were considerably lower than those calculated using formula 1. Table 2 shows that self fertilization of the wild sunflower genotypes ranged between 22.4% and 54.5%. E-142 (Helianthus petiolaris spp. petiolaris) was also in the first group for the self fertilization ratio. E-017 (Helianthus neglectus) had the lowest self fertilization level. E-174, E-175 and E-173 were in group B. The remaining Helianthus annuus genotype, E-60, had the lowest self fertilization rate within Helianthus annuus.
The differences between formula 1 and formula 2 showed that the insect population was very important for sunflower fertilization. Until the 1960's, the cultivars grown were open-pollinated and cross-pollinated mostly by insects. They, along with the wild species, were highly self-incompatible. The current commercial sunflower varieties are self-compatible; however, environmental conditions can influence the level of self-fertility expressed (Snow et al., 1998) . Sunflower is a highly cross-pollinating crop. There was no control of pollination. The hybrids were produced by using a highly self-incompatible female and crossing it with a highly selfcompatible male. Self fertilization is very important for sunflower potential, especially in critical conditions with a deficiency in insect population.
In previous studies, many large differences were observed among self fertilization ratios of sunflower genotypes (Low and Pistille, 1986; Arshi, 1988; Onemli, 2005) . A low population of pollinator insects caused serious problems in sunflower production with hybrids (Dag et al., 2001; Weaver and Weaver, 2001) . Although the (Lior and Dag, 1994; Fick and Miller, 1997) .
The cms restoration capability of the six wild Helianthus genotypes on their test hybrids with the female line 2453-A is given in Table 3 .
In this study, we observed that all genotypes except E-060 (Helianthus annuus) and E-174 (Helianthus annuus) had the ability to restore cytoplasmic male fertility.
It was only after the discovery of cytoplasmic male sterility by Leclercq (1969) in France, followed by the identification of fertility restorer genes, that heterosis could be fully exploited. Hybrid seeds that were 100% hybrid were now possible (Jan, 2000; Hamrit, 2009 ). Many of the newly identified cms sources do not have a complementary fertility restorer gene, or the cytoplasm is not stable. This limits their use for commercial purposes (Seiler and Rieseberg, 1997) . To be useful for hybrid seed production, a cms line needs complete male sterility and female fertility. New sources of cytoplasmic male sterility and fertility restoration genes will help reduce the genetic vulnerability of commercial sunflower hybrids (Jan, 2000) and the corresponding fertility restoration lines will provide cytoplasmic diversity for hybrid sunflower production.
The results indicate that wild Helianthus species are a good source for finding new genes to develop self-fertility of hybrids and a good source for restoration of cytoplasmic male sterility in sunflower breeding. It needs more studies with wild Helianthus are needed to find new genes for fertility and restoration of cytoplasmic male sterility.
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